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DESIGN CHARTS FOR PREDICTING DOWNWASH ANGLES AND WAKE
CHARACTERISTICS BEHIND PLAIN AND FLAPPED WINGS

By ABE SILVERSTEIN and S. KATZOFF

SUMMARY

Equations and deeign chart~ are giren for predicting
/he downwash angles and the wake charactmi8tic8 for
powr-ofl cond&n8 behind pfuin and japped wing8 of
the typee used in modern design practice. The downwa8h
charts cozer the cases of ell~pt&al wings and un”ng8of taper
ratio8 1, 2, 3, and 6, m“th aspect rat;os of 6, 9, and M,
hailing jfap8 covering O, 40, 70, and 100 percent oj the
8pan. 0urce8 oj the 8pan load diktributbn8 for all the8e
case-e are inchded. Data on the lijt md the drag oj”
$apped airjoil 8ectians and curre8 jor finding the contribu-
tion of the @p to the total wing lijt jor different type8 of
$ap and jor the entire range oj$ap 8pan8 are ako included.
The wake width and the dikrdndion oj dynamic premw-e
across the wake are given in term8 oj the profiledrag co-
ejicient and the dietance behind the wing. A method oj
estimating the wake poeition ~ aleo given.

The equathne and the charte are ba8ed on themy that
has been 8hown in a preoiaue report to be in agreement vith
expem”ment.

INTRODUCTION

In a recent paper (reference 1) methods are developed
for predicting downwash angles and wake characteristics
for power-off conditions behind airfoils of known span
loading. The calculation of downwaah involves several
simplifying assumptions that are shown to be justified.
‘Wake characteristics aro given by empirical expressions
derived from experimental data and are in agreement
with available theory.

In order to make the methods of reference 1 readily
applicable for design purposes, charts have been pre-
pared covering the range of modern design practice.
These charte are given in the present paper. Included
are curves of the lift and the drag of flapped airfoil sec-
tions and charts for tiding the contributions of the
different types of flap to the total wing Iift. Informa-
tion is aIso pnxmnted for determining the position of the
wake, its width, and the distribution of dynamic
pressure across it.

The downwesh charts me for elliptical wings and for
wings of taper ratios 1, 2, 3, and 5, with aspect ratios
of 6, 9, and 12, having flaps covering O, 40, 70, and 100

percent of the span. The explanatory text accompany-
ing the charts is sufficiently comp~ete to permit their
use without study of reference 1.
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SYMBOLS

lift coefficient.
lift coefficient at a particular angle of attack,

flaps up.
increase of lift coefEcient, at the same angle of

attack, upon detlect.ingthe flap.
section lift coefEcient.
increment of section lift coefficient ocrresponding

to a flap deflection (two-dimensional).
section profle-drag coefficient.
wing chord.
flap chord.
wing span.
flap span.
wing area.
longitudinal distance from quarter-chord point.
lateral distance from symmetry plane.
vertical distance from quarter-chord point.
vortex semispan, in wing semiepans.
vortex strength.
induced vertical velocity.
downwash factor.
dowmvesh angle.
downward displacement, measured normal to the

relative wind, of the centerline of the wake and
the trailing vortex sheet from its origin at the
trailing edge.

vertical distante of the elevator hinge axis from
the wake origin, measuredperpendicular to the
relative wind.

distance behind the trailing edge.
wake half-width.
~ertical distance from wake center line.
loss in dynamic pressure at wake center, fraction

of free-stream dynamic pressure q.
loss in dynamic pressure, fraction of

dynamic pressure q.
correction for locating wake origin.
flap angle.

free-stream
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RfiSUMfi OF THEORY

Downwash, plain wings,-The downwash behind a
wing is mainly a function of the wing loading and is a
manifestation of the associated vortex system. ThiE
vortex system comprises the bound, or lifting, vortex
considered localized at the quarter<hord Ene and the
vortex sheet that is shed from the trailhg edge. If the
strength of the bound vortax at distance a from the
airfoil center is ~, the vortioity per unit spanwise length
in the sheet as it leaves the trailing edge is —dI’/ds.

A first approximation to the downwash is obtained
by assuming the sheet to originate at the quarter+hord
line and to extend unchanged indellnitaly downstream,
the vortex system thereby consisting of elementary
U-vortices (or horseshoe vortices) of semispan s and
strength —(dI’/ds)ds to which the Biot-Savart equation
is applicable. The actual sheet, however, does not
extand unaltered from the lifting line tu infinity be-
cause, as a result of the air motions that the vortex
system itself creates, it is rapidIy disphwed downward
and deformed.

For purposes of calculation of the downwash angle
at the tail, a satisfactory second approximation is ob-
tained by neglecting the deformation and considering
the entire sheet to be uniformly displaced downward
by an amount equal to the displacement of the center of
the sheet near the tail. This displacement, further-
more, can be readily calculated since the sheet follows
the downflow which, with remonable accuracy, may be
taken as that given by the first approximation. Inas-
much as the downwash dependa to a predominant extant
on the trailing vortex sheet, a vertical displacement of
the sheet causes a verticaI displacement of the entire
downwaeh pattern by the same amount.

The strength of the vortex systam is proportional to
CL;hence, the downwssh angle e and the displacement
h must also be proportional to C.. At higher lifts,
however, there me three disturbing effects, all of which
tend to increase the downwash above the sheet and to
decrease it below. These factors are: (1) The effect of
the strong tip vortices that, owing to the curvature of
the sheet, are above the center; (2) the eflect of the
bound vortex that, owing to the downward displace-
ment of the sheet relative to it, simildy ccmtributas
more to the downwash above than below it; and (3)
the flow of air into the wake, which is coincident with
the trailing vortax sheet.

Downwash, flapped wings,-The effect of a fiap on
the downwaeh depends upon its effect on the span load
distribution. The change in loadii upon lower& a
given flap is nearIy independent of the angle of attack,
and the absolute change in the lift coe5cient at any
section c1 is approximately proportional to the total
increase in the wing lift coefficient CLr The rewdtant
loading and vortex systems being the sums of those of
the plain wing and of the flap, the resultant downwash

is the sum of that due to the pki,inwing at the given
attitude and that due to the flap. The component
due to the flap is proportional to C~r The vortex-
sheet origin lies between the trailing edges of the plain
wing and of the flap. Ite vertical displacement is, like
the downwash, the sum of that due to the plain wing
and that due to the flap.

For wings with flaps, increased importance attaches
to the three disturbing effects mentioned for plain wings,
The wake, in particular, requires consideration where
highdrag flaps are used.

The wake,—The wake is characterized by a loss in
tdal pressure,the deficiency being a maximum at its cen-
ter and decreasing to zero at a fairly welldeflned wake
edge. Its center line coincides with that of the trailing
vortex sheet; On account of turbulent mixing with
the surrounding air, the maximum total-pressure loss
decreases with distance downstream, whereas the width
of the wake increases. The integrated loss in total
pressureacross the wake remainsnearly constant and is
proportiomd to the protie drag of the wing section from
which the wake was shed.

DOWNWASH CHARTS

Plan forms,—The downwash charts of figures 1 to 15
contain four groups of diagrams. In the first column
of each chart are shown the plan forms of the wings
for which the computations were made. Consistent
with the assumption made in the calculations that there
is no sweepback of the lifting line, the quarter-chord
line is drawn perpendicular b the center line in every
case. The tips are shown rounded for a spanwise
distance equal to the tip chord, as was done in refer-
ence 2. “Although the flap chord is shown as 20 per-
cent of the wing chord, the actual value of cf/c is
immaterial as long as it is constant over the entire span
of the flap. In actual practice, this condition is not
always maintained. As long as the variation of CJC
remains within the usual limits, however, this source
of error is of secondary importance.

Span load distributions.-The span load distributions
are shown in the second column of each figure. The
distribution for the plain wing was obtained from
reference 2, The distributions for the flap conditions
were computed by the Lotz method (reference 3).
In the ‘computations, the Fourier coefficients for the
chord distribution were found by Pearson’s system
(reference 4) and the Fourier coefficients for the angle
distribution were found by the usual method of integra-
tion. Ten terms of the series for the loading were
derived, which are adequate to give the shape of the
loading curve except near the flap tip, where a reason-
able number of terms does not suflbe to give the shape
accurately. The curves are therefore more or less
wbitrarily drawn in this region, the main condition
being that the slope be @finite at the position of the
flap tip.
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Undisplaced downwash-contour ohar@-The down-
wash-contour charts shown in the fourth column are
drawn for C~W=1.0 and C.f= 1.0. For other lift coef-
ficients, the downwash angles ‘can be obtained by
multiplying the angles on the contour charts by the
particular vahxesof Cz~ or C=fi In the derivation of
these.charts, the trailing vortex sheet was assumed to
start at the quarter-chord line and to extend unchanged
indefinitely downstream. As already explained, the
vortex system is thereby assumed to be made up of
U-vortices of strength – (dI’/&)ds, where I’ is the
strength of the bound vortex. The downflow velocity
at a point (z, z) in the symmelry plane is given by the
equation

1
r

1 dr
w=——

rb. ~ %

In the actual computation, the indicated integration
was replaced by a summation, i. e., the smooth span
load distributions were approximated by stepwise
distributions of 5 to 7 steps, so that--equation (1) was
effectively replaced by

––++.!w’)=

‘- [+&&&+.&+J+sQ&l ‘2)
where (M7)a is the rise of the nth step and s, is the
corresponding semispan. Figure 16 illustrates the
substitution of a stepwise distribution for a continuous
span load distribution.

Curves of the function

were found useful in three computations. They are
reproduced in figure 17.

The longitudinal component of the induced flow
generally being negligible compared with the free-
stream velocity V, it follows that the tangent of the
downwash angle is very nemly wJV. The dotiwash-
contmr charts have hen constructed on this basis;
only half of eaeh chart is sho-%j for the axis is a line
of symmetry when the longitudinal components of the
induced velocities are neglected.

Displacement of the oenter line,-The downwash-
contour charts just described..require a vertical dis-
placement, as has already been mentioned, because the
trailing vortex sheet undergoes downward displacement
as it procaeds downstream. The downward displace-
ment is given by the equation

h=s‘tanEob (3)
T.E.

The curves shown in the third column of figures 1 to
15 are pIote of this integral es a function of z, for

C?LW=1-.Oand (?L,= 1.0. For other lift coefficients, dis-
placements are obtained by multiplying the values ON
the chirts by the ptUliCUhIrVtdUSS Of CLW or C.r

Origin of the trailing vortex sheet.—l?or a p~ainwing,
the sheet is considered to be shed at th~ trailing
Ddge. For a wing with n flap, the origin is bc-
hveen the trailing edges of the flap and the wing,

.,
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FIGURE16.—lUustratfonof the substitution of SLY U-vortkw forthe actualrorhx
WSkII.U.CL, 1.0; h~! au ~~ r8th %

the distancebeIow the trailingedge of the wing, in

semispans, being given by the formula

(4)

which is based on the available experimental data.
The factor k is given in figure 18.

Contribution of the flap to the total I.ift.-Vigure 19
shows the theoretical contribution of the flap to the
wing lift ooefEcient. The values of CLJAClwere derivecJ
incidental to the computations of span load &tribu-
tion, coming directly out of the first term of the Fourier
series. for the loading. 11 must be noted that they
correspond, as do the span load distributions them-
selves; ta ffaps of uniform CJCor, stated differently, to
flaps of uniform Acl. V7here Acl is not uniform, an
average Acl weighted according to chord will usually be
satisfactory.
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Curves of Acl.—In order to facilitate the application
of the curves of figure 19, data are present~d in figure 20
for the increment of section lift coefficient Acl obtained
by deflecting the various flaps. It must be noted that
these increments are sedian characteristicsand give
the increase in lift coefficient when the flap is lowered in
two-dimensional flow. The data were obtained mainly
from N. A. C. A. rmults and from reference 5. h’o d-
tempt has been made here to give a complete presenta-
tion of the lift increments due to flaps. The data given
are best applicable at about 3° ta 4° below maximum
lift; however, they apply with reasonable accuracy at
lower angles, for the increments are nearly constant
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over the entire useful range. The mefficients for the
0.20c external-airfoil flap are based on the combined
chord of the wing and flap; tho:e for the 0.26c .Fowler

I I I I ‘\ 1.AVV I

.4 V4 A_
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F,,.—4.. ,

I I I t-.. c IIlp ncof

.8 t
I I I
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0 .2 .4 .6 .8 1.0
Flap spo~ ti~~

Fmui3E 19.—Lift incmmanb fur w1ng9 w!th parttal+pan flape. (a)A-6. (b) .4=9.
(0)-4-12.

flap are based on the chord of the plain wing. In the
case of the Fowler flap, simply extending the flap, with
Sf= 0°, increww the lift coefficient by about 26 percent,
because the effective chord is increased by this amount.
Accordingly, the total increment in lift coefficient on
extending the flap is 26 percent of the lift omfficient

for the plain wing at the particular angle of attack, plus
the further increment -given in figure 20 for the pmticu-
Iar 8P

Variation of downwash across the tail span,-The
discussion thus far has been concerned with the calcth

i I I 1 I I

I

+ttH-t--l

.2
I 1

b) –

o m 20 30 40 50 80 70

tion of the downwash in the plane of symmetry and it
has been tacitly implied that the downwash so derived
applies over the entire tail span. In order to investi-
gate the error thereby involved, calculations of down-
wash were made for points on the vortex” sheet, 0.75
b/2 back from the quarter-chord line, which is approxi-
mately the usual longitudinal position of the tail, The
calculations showed that, for come cases, considerable
diilerence exists between the downwash at the center
of the tail and the average downwash over the tail.
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The correction factors have been dotted in figure 21 ] ing edge, or wake origin. Consider m to be negative
for aIl cases. I

METHODS OF APPLICATION

Downwash, plain wings,-The do-ivnwashat the tail
of an airplane with a wing having neither twistnor a flap
is obtained from the charts given in figures 1 to 15 in
the foIIow-ingmanner:

1. For each angle of attack under consideration, find
the longitudinal distance z of the elevator-hinge axis
from the quarter-chord point of the root section and
the vertical distanca m of the hinge asis from the trail-

—

if
th; h-ge axis lies bel&v the trading edge.

2. Find the downward displacement h of the wake

center line at distance z from the quarter+hord point
by multiplying the value at distance z on t-he corre-
sponding disphteement chart by the lift coefficient CL.

3. Locate the point (z, ~m+h 1) on the downw~~h-
contour chart I and multiply the corresponding down-

IThe ord[natee of the downwaeh cherte are here appffed ae %ertlml diste.ncee

frem the! wake” Wlmrgh, mrrespmdtng to the method C4derivation of the charts, the

ordinate wale fe labeled %ertical dfstanm from the !&-herd poinL” TE Ie Intex-

cbange fe possible bemuse the dfepIemmente ef the wake center and downwasb

pattern ere equel. (CL paregreph 3 of page 2.)
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wash angle by the lift coefficient and by the correction
factor of figure 21.

Downwash, flapped wings,-For an airplane witi
flaps down, it is tit necessary to separate the lift co-
efficient into two parts. The part C~Wis the lift codli-
cient at the particular angIe of attack, with flaps up.
The part CL, is the increase, at the particular angle of
attack, on lowaring the flap; it may be obtained by the
use of figures 19 and 20. Derivation of the downwash
proceeds in the following ma~er:

1. Find the longitudinal distan~ z of the hinge axis
from the quarter-chord point of the root section, and
the vertical distance m of the hinge &s from the wake
origin. The wake origin in this caw is not the trailing
edge but a point below the trailing edge, as previously
explained. (S6s equation (4).)

2. Find the contribution h, of the plain wing to the
downward displacement of the wake center line at dis-
tance x from the quarter-chord point by multiplying the
value on the corresponding displacement chart (@h
wing), at distance x, by C~w.

3. Find the contribution & of the flap to the down-
ward displacement by mtitiplying the value on the
corresponding displacement chart (flap), at distance x,
by CLf

4. hcate the point (z, lm+hl+~ ]) on the contour
charts for the pltiinwing and for the flap; multiply the
corresponding downwash angles, respectively, by CL~
and CLrand by the correction factors of figure 21 and
add in order to get the desired downwash.

This procedure complei%s the computation of the
downwash, except for the wake effect, which increases
the downwash aboye the wake center line and decreases
the downwash below it. The amount of this correction
will be discussed in the next section. There me two
other reascms, previously mentioned, for making still
further corrections, sddom exceeding 0.5°, positive
above the wake and negative below it. Interference of
the fuselage, the nacelles, and the wing-fuselage junc-
tures is only partly predictable; however, for the modern
airplane. with efficient wing-fusekige junctures and
streamline fusekiges, it is likely to be of sm

9 ‘i-mportance.
For wings or for flap spans other than those covered

by the charts, n linear interpolation is usually permis-
sible. For a wing with appreciable aerodynamic twist,
the downwash due to the twist will have to be computed
from the span load distribution at CL=O and applied
as an additive correction. Dihedral and sweepback
may be neglected.

WAKE CHARTS AND FORMULAS

The center line of the wake coincides with the center
line of the trailing vortex sheet; hence no new data are

required for locating it. The wake half-width, in
chord lengths, is given by the formula

r=o.6%W+o.15)J4 (5)

in which: is in chord lengths. It will be noted that the
unit of length in this and the other wake equations is
the chord rather than the semispan. Curves of this
equation are plotted in figure 22 for different vahms
of the!par~etir c@

Distance from LE., & ,chard ~engfhs

FICWBE !Z?.-Relation betwean wake width and dhtance from t.mdltnsw@.

t=o.mc%w+o.lciw

The maximum loss of dynamic pressure in the wake
occurs at the wake center and its value Tk given by the
formula

2.42c&
9= [+0.3

(0)

Curves of this equation are plotted in figure 23 for dif-
ferent vahm of the parameter cdO. The distribution of

dynamic pressurewithin the wake is given by the equa-
~ion

(7)

which is plotted in figure 24.
The effect of the wake on the downwash in and near

it is negligible for low profile-drag coefficients as, for
example, in the case of plain wings at low tingles of
attack. It must, however, be taken into account for
wings with high-drag flaps and it maybe approximately
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computed for such cases, as explained in reference 1.
RauIts of some of these computations are shown in

u
oistan~e from TE~ ( ,- ~engfhs

4

FIQUEE !B.-Reletion between maximum Ioea cd dynemie PWS!.UW in ths wake and
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FmuuB 24.-VerkLUon Of dynem!c-pmsureIose sums tbe wake.

++;)

figure 25. Figure 25 (a) shows the computed effeot
at the upper edge of the wake for three distances behind
the trailing edge; at the lower edge of the wake, it is the
same in manmit.udebut opposite in sign. The effect

diminishes with distance from the wake; for points only
a short distance outside the wake ~. e., for the most
usual tad positions), however, it is nearly equal to that

J .2
Profile- drag coefficient, cd, I

(a) Attheupperedgeofthetie.
(b) WithbltheWFk

FIGUEEZ5.-WekeeEeotondownweeh.Theelkotsareeqr@ butofopxMtssign,
Mow themke center.

at the wake edge near it. Figure 25 (b) shows some
typical variations of the tiect within the wake,

In order to facilitate the application of the preceding
equations, which involve c%, some seotion profile-drag

Flop angle. d,, . deg.

FIGUIU 26.-Seet&n protlbdreg 00emdents ltx dbTemnt Eaw

:oeilkients for the diilerent flaps are prasented in figure
?6. These data apply particuhdy in the higher lift
mange,about 3° to 4° below the staII. They were col-
ect.ed maidy from N. A. C. A. results and from
.eference 5.

..-.
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EXAMPLE OF APPLICATION TO DESIGN

ADVISORY CO&flfITTEE” FOR AERONAUTICS

For purposes of illustration, some specimen calcula-
tions will be made for a midwing monoplane (fig. 27).
The wing is of aspect ratio 9, taper ratio 3:1, and has a
split ap of 0.70b span and 0.20c chord. This case is
covered by figure 8. The tail span is 0.3b.

The case of the airplane with flaps up will be con-
sidered first. It will be aasumed that, when the air-
plane is operating nt the attitude shown in figure 27 (a),

-..,,..,,

-----=%: - ~ “ ‘
-Wuiee...-

--- ---

-------
--- H.@=

~9c=

(a) Flap up.
(b) Fk3P dOWD.
(o) Flap down, tall In the wake.

FIGUIUS 27.—fJhrstratlon for the spedrnen mkutatlons of dowmvash and wnkP.

the lift coefficient CLis 0.9. The steps outlined under
Methods of Application are as follows:

1. x=O.68 b@. m=--O.Ol””b/2.
2. The downward displacement of the trailing vortex

sheet at x= O.6.8b[2 is, for CL= 1.0, 0.05 b/2, so that
h= O.9X0.05=0.045 bf2.

3. Reference to the downwash-conto.ur chart shows
that the downwash at point (z, lm+hl), or (0.68, 0.04),
for CL= 1,0 is 5.6°. Multiplying by (?. (0.9) and by the
correction factor of figure 21 (0.95) gives, for the
downwash,

e=0.9X0.95X5.6= 4.8°

The center of the wake passes m+h semispans below
the hinge axis, as shown, and its half-width f at this
point is obtained from the.section.profile-drag coefficient
(assumecdfi=0.015) and the distance behind the trailing
edge (t= l~29c), where c ma,ybe taken as the root chord.
By equation (5) or figure 22,

~=0.68X0.015?Xl.44% =0.1 chord

The edges of the wake me show~ in the figure.
The t&l ‘Ees outside the wake and, inasmuc~ as
the wake is too slight to affect tbe downwash, it requires
no further consideration.

The airplane at the same attitude, with flap down,
6f=600j is shown in figure 27(b). From figure 20,
Ac, is seen to be 1.13 (assuming the wing thickness to
be 0.12c); from figure 19, C.JAC1is 0.67, so that C~f=
0.76. The contribution of the plain wing, Czti, is 0.9
as before, since the angle of attack is the same. The
steps outlined in Methods of Application are as follows:

1.-x=o.68 bJ!2,as before.
~~=0.023 b}2.
‘ (The wake origin, as indicated by equation (4)

(&lc) sin 60°+0.01c
and figure 18, is —

bi2
serni-

spans below the wing trailing edge, at the
location shown. For this wing, b/2=3c.)

2. The contribution Itl of the plain wing to the
~ downward displacement is the same M before:—

h,= O.045 b/2.
3. “For the flap contribution, the chart shows that,

for C~l=1.0 and .r=O.68 b/2, the displacement
is 0.07 b/2.
h,= O.76X0.07=0.053 b/2.

4.” “The point (z, Im+hl+h,l) is thus (0.68, O.12).
“. Reference to the dowwwash-centour chart for

. the plain wing and to figure 21 shows that the
plain-wing contribution to the downwwsh at
this point is El=0.9X0.95X5.0 =4.30. Sim-
ilarly, the flap contribution to the downwash
at–this point is Ca=0.76X0.94 X0.8= 4.f1°.

--- The sum is .s,+c2=4.3+4.9= 0.2°, to which
a wake correction should be applied, as de-
rived in the next pmwgraph.

The center 01 the walw in this case passes m+h~+
hZ=O.12 b/2 or 0.36c below the hinge axis, as shown.
Figure 26 gives c~O=0.17 and, with f=l.29c as before,
figure 22 or equation (5) gives the wake half-width:

t=0.68X0.17HX l,44$i=0.34c
The edges of the wake are shown in the figure. Theru is
no effect on the dynamic pressure at the tail, for it lies
outside the wake. The increase in downwmh at the
upper edge is found from figure 25 to be 1.5°. The
effect at the ta-i~,which is only a small distanco from the
edge, may be considered to be the same. The dowtl-
wush is thus 9.2+1.5=10.7°.

If the relative positions of the wing and tail are such
that the tail lies within the wake, as is shown for exam-
ple in figure 27 (c), the average low of dynamic pressure
at-the tail is also required, The loss at the hinge axis
may be used for this value rdthough the average over
the tail surface may be somewhat different.
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The computation of the downwaah proceeds se before:

x=o.68 b/2

m=–o.13 b/2

h,=o.045 b/2

h,=o.053 b/2

i~+hl+&\=0.03 b/2=() .()9c

El=o.9xo.95x5.7 =4.9°

cS=0.94X0.76X7.8 =5.6°

El+@= 10.5°, which is the downwash uncor-
rected for wake effect.

The wake effect at the hinge axis is seen, by intapo-
lating between the two curwa of figure 25(b), to be
about 1.6°, -whichmust now be aubtnwfed from the pre-
ceding value, for the tail lies below the wake center.
The corrected downwash is 10.5– 1.6=8.9°.

The computation of the dynamic pressure at this
point is as foIlows:

~= 1.29c

C4=0.17

C= O.34C
{’;’=o.09c?, ~=0.26

2.42x0.17~
‘= 1.29+ 0.3 =0.63, from figure 23 or

equation (6).

()
#=0.63 COSZ 0.26 ; = 0.53, from figure 24 or

equation (7).

The dynamic pressure &t this point is l–q’, or 0.47g.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COMMITTEE FOE AERONATJTICS$

LANGLEY I?IELD, VA., July 14, 1938.
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